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Abstract
Background: The ratio of C-reactive protein to albumin, as a novel inflammation-based prognostic score, is
associated with outcomes in cancer and septic patients. The diagnostic accuracy of the CRP/albumin ratio has
not been assessed in colorectal surgery for postoperative complications.
Methods: A total of 359 patients undergoing major colorectal surgery between 2012 and 2015 were eligible for
this study. Uni- and multivariate analyses were performed to identify risk factors for postoperative complications.
Receiver operating characteristic curves were developed to examine the cutoff values and diagnostic accuracy of
the CRP/albumin ratio and postoperative CRP levels.
Results: Among all the patients, 139 (38.7%) were reported to have postoperative complications. The CRP/albumin
ratio was an independent risk factor for complications (OR 4.413; 95% CI 2.463–7.906; P < 0.001), and the cutoff
value was 2.2, which had a higher area under the curve compared to CRP on postoperative day 3 (AUC 0.779 vs
0.756). The CRP/albumin ratio also had a higher positive predictive value than CRP levels on postoperative day 3.
Patients with CRP/albumin ≥2.2 suffered more postoperative complications (60.8% vs 18.6%, P < 0.001), longer
postoperative stays (10 (4–71) vs 7 (3–78) days, P < 0.001), and increased surgical site infections (SSIs) (21.1% vs
4.8%, P < 0.001) than those with CRP/albumin <2.2.
Conclusions: The ratio of C-reactive protein to albumin could help to identify patients who have a high probability
of postoperative complications, and the ratio has higher diagnostic accuracy than C-reactive protein alone for
postoperative complications in colorectal surgery.
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Background
There are various postoperative complications occurring
after surgery for both benign and malignant colorectal
disease [1, 2], and they cause increased treatment costs,
infections, longer hospital stays, a slower return to
premorbid status and worse long-term survival [3–5].
Therefore, successful early detection and treatment of
any complications are paramount to improve outcomes,
especially under the enhanced recovery after surgery
(ERAS) program.
As surgical interventions lead to well-understood
metabolic, neuroendocrine, and immune responses, the
stress responses to surgery contribute to increased
postoperative complications [6]. Pro-inflammatory cy-
tokines will increase due to surgical injury, which leads
to changes of circulating acute phase proteins, such as
albumin and C-reactive protein (CRP) [6]. It is widely
known that CRP is used to detect postoperative compli-
cations resulting from surgical injury. Additionally,
several studies found CRP to be a useful tool to ensure
a safe early discharge following colorectal surgery [7].
Warschkow et al. [1] reported that CRP on postopera-
tive day 3 or 4 (POD 4) had the best performance in
predicting postoperative complications. On the other
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hand, some studies have proven that low albumin levels
are related to postoperative complications. Increased
capillary leakage of albumin is one of the features of
systemic inflammatory response syndrome (SIRS),
which leads to low plasma albumin levels in patients
undergoing major abdominal surgery [8]. A pilot study
has reported that an early postoperative albumin drop
was associated with adverse clinical outcomes and was
due to surgical trauma [9]. Lee et al. [10] reported that
patients with postoperative hypoalbuminemia were
more likely to experience poorer outcomes undergoing
off-pump coronary artery bypass graft surgery.
A recent study has proven that a novel inflammation-
based prognostic score, the CRP/albumin ratio (CAR), is
a useful predictive index for outcome in patients with
sepsis or colorectal cancer [11, 12]. However, almost no
study has investigated the diagnostic accuracy of CAR
for postoperative complications in patients undergoing
colorectal surgery. Therefore, we hypothesized that CAR
could be used as a reliable and accurate predictor of
postoperative outcome after colorectal surgery.
In the present study, we investigated the association
between CAR and postoperative complications after
colorectal surgery and compared the diagnostic accuracy
between CAR and postoperative CRP in these patients.
Methods
Patients
This study was approved by the ethics committee of
Jinling Hospital. The information on patients undergo-
ing elective colectomy or rectal resection for malignant
or non-malignant disease was retrospectively analyzed at
the Department of General Surgery in Jinling Hospital
between October 2012 and December 2015. Patients
with reoperation prior to postoperative day 3, albumin
infusion either preoperatively or within 2 postoperative
days, closing of ileostomy or colostomy, multivisceral re-
section, inflammatory bowel disease, or incomplete la-
boratory data were excluded. Patients who underwent
primary intestinal resection were generally included.
Data collection
The data collected included baseline characteristics, in-
traoperative data and laboratory data from the database.
Baseline characteristics included age, sex, body mass
index, American Society of Anesthesiologists (ASA)
grade, comorbidities, and surgical indication. Laboratory
data included hemoglobin, preoperative CRP and albu-
min, CRP on POD 3 [7], and albumin on POD 3 [13].
Intraoperative data included operation time, type of sur-
gery, surgical approach (open vs laparoscopy), stoma
creation, intraoperative blood transfusion, and estimated
blood loss during surgery.
Definition of outcomes
Postoperative outcomes were evaluated, including days
of postoperative hospital stay, surgical site complications
(surgical site infections (SSIs)), and postoperative com-
plications (Clavien-Dindo classification) [14]. The pri-
mary outcome was overall postoperative complications
graded according to the Clavien-Dindo system. Grades I
to II were defined as mild complications, and grades III
to IV were defined as major complications. Postoperative
complications were defined as those that occurred
before hospital discharge or <30 days after surgery. Sur-
gical site complications included superficial incisional,
deep incisional, or organ/space SSIs. For evaluation,
CAR was defined as (CRP level on POD 3)/(ALB level
on POD 3) [1, 13, 15]. The CAR cutoff values were de-
termined using receiver operating characteristic (ROC)
curve analysis [11].
Statistical analysis
All of the data were analyzed using SPSS version 19.0
(SPSS, Inc., Chicago, IL). Continuous data are presented
as the mean ± SD or median (range), while categorical
data are presented as n (%). Continuous variables were
analyzed using Student’s t test, categorical variables
were analyzed using Pearson’s chi-square test or the
Fisher exact test as appropriate. Significant associations
(P < 0.05) on univariate analysis were submitted to
multivariate logistic regression analysis to verify inde-
pendent predictors of postoperative complications.
ROC curve analysis was used to assess the predictive
accuracy. P values <0.05 were considered statistically
significant.
Results
Study population and baseline characteristics
A total of 359 patients were enrolled for the final
analysis (male to female = 179:180), of which 83.3% had
malignant disease, as shown in Table 1. Among those
with benign disease, 60 (16.7%) were chronic radiation
enteropathy, diverticular disease or others. There were
139 (38.7%) patients who had postoperative complications.
In addition, 96 (26.7%) patients had mild complications,
and 55 (15.3%) patients had major complications
(Clavien-Dindo grade III−IV), and 12.5% patients had
SSIs. The length of the postoperative hospital stay was
11.2 ± 10.2 days. The clinical background characteristics
of the two groups of studied patients with or without
postoperative complications are shown in Table 1.
Analysis of possible risk factors for postoperative
complications
As shown in Table 1, univariate analysis revealed fac-
tors that were significantly associated with postoperative
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complications, including sex, BMI, preoperative hemog-
lobin, estimated blood loss, stoma creation, CRP on
POD 3, postoperative CAR, surgical indication, and
ASA. Then, a multivariate analysis model was used to
determine the risk factors from the univariate analysis
that were independently associated with postoperative
complications. In the multivariate analysis, postoperative
CAR (OR 4.413; 95% CI 2.463–7.906; P < 0.001) was
found to be the only significant independent risk factor
for postoperative complications (Table 2). However, we
cannot draw conclusions solely from this result that
postoperative CAR can act as an accurate predictor for
postoperative complications.
Table 1 Univariate analysis of risk factors associated with postoperative complications
Characteristics All Postoperative complications P value
(n = 359) Yes (n = 139) No (n = 220)
Age (year)a 53.4 ± 10.4 53.1 ± 9.6 53.5 ± 10.8 0.717
Sex, male, n (%)c 179 (49.9) 52 (37.4) 127 (57.7) <0.001
BMI (kg/m2)a 22.3 ± 3.7 21.6 ± 3.5 22.7 ± 3.7 0.004
Comorbiditiesc
Diabetes mellitus 49 (13.6) 16 (11.5) 38 (17.3) 0.137
Hypertension 113 (31.5) 40 (28.8) 73 (33.2) 0.381
Preoperative hemoglobin (g/L)a 120.7 ± 58.6 109.4 ± 26.9 127.8 ± 70.9 0.004
Preoperative ALB (g/L)a 40.6 ± 3.8 40.2 ± 4.0 40.8 ± 3.7 0.185
Preoperative CRP (mg/L)a 9.5 ± 23.8 12.2 ± 27.1 7.9 ± 21.3 0.097
Operation time (min)b 160 (70–383) 160 (70–365) 165 (70–383) 0.483
Type of surgery, n (%)c 0.117
Right colectomy 126 (35.1) 60 (43.2) 66 (30.0)
Transverse colectomy 14 (3.9) 5 (3.6) 9 (4.1)
Left colectomy 44 (12.3) 19 (13.7) 25 (11.4)
Sigmoid resection 41 (11.4) 12 (8.6) 29 (13.2)
Rectal resection 116 (32.3) 38 (27.3) 78 (35.5)
Total colectomy 18 (5.0) 5 (3.6) 13 (5.9)
Laparoscopic surgery, n (%)c 142 (39.6) 49 (35.3) 93 (42.3) 0.185
Conversion, n (%)c 25 (7.0) 11 (7.9) 14 (6.4)
Estimated blood loss (ml)a 226 ± 137 245 ± 139 214 ± 134 0.035
Stoma creation, n (%)c 58 (16.2) 30 (21.6) 28 (12.7) 0.026
CRP on POD 3 (mg/L)a 89.1 ± 64.4 123.1 ± 66.9 67.7 ± 52.5 <0.001
Postoperative CARa 2.8 ± 2.3 4.2 ± 2.6 2.0 ± 1.6 <0.001
Surgical indication, n (%)c <0.001
Malignant 299 (83.3) 97 (69.8) 202 (91.8)
Non-malignant 60 (16.7) 42 (30.2) 18 (8.2)
ASA ≥3, n (%)c 27 (7.5) 16 (11.5) 11 (5.0) 0.023
Intraoperative blood transfusion, n (%)c 19 (5.3) 11 (7.9) 8 (3.6) 0.078
CRP C-reactive protein, ALB albumin, POD postoperative day, CAR CRP to albumin (CRP/ALB) ratio
aValues are expressed as the mean ± SD
bValues are expressed as the median (range)
cValues are expressed as n (%)
Table 2 Multivariate analysis of factors associated with
postoperative complications
Risk factor OR 95% CI P value
Male sex 1.307 0.738–2.313 0.359
BMI (<18.5 kg/m2) 0.928 0.389–2.216 0.867
Preoperative hemoglobin (<120 g/L) 1.805 1.053–3.093 0.032
Estimated blood loss 1.002 1.000–1.004 0.021
Stoma creation 1.095 0.542–2.209 0.801
CRP on POD 3 (>135 mg/L) 1.826 0.938–3.556 0.077
Postoperative CAR (>2.2) 4.413 2.463–7.906 <0.001
Surgical indication 0.466 0.194–1.116 0.087
ASA ≥3 1.380 0.525–3.624 0.514
CRP C-reactive protein, ALB albumin, POD postoperative day, CAR CRP to
albumin (CRP/ALB) ratio
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Predictive accuracy of postoperative CAR and CRP on
POD 3 for postoperative complications
Many studies have already suggested that CRP on
POD 3 or 4 could be a practical predictive index for
postoperative complications in colorectal surgery [1].
ROC curve analysis was used to examine the predict-
ive accuracy of postoperative CAR vs CRP on POD
3. The ROC curve parameters are shown in Table 3
and Fig. 1. For CRP on POD 3, the area under the
curve (AUC) was 0.756, sensitivity was 0.698, specifi-
city was 0.723, positive predictive value was 79.1%,
negative predictive value was 61.4%, Youden’s index
was 0.421, and the cutoff point was 85.1. On the
other hand, the AUC of CAR was 0.779, sensitivity
was 0.748, specificity was 0.695, positive predictive
value was 81.4%, negative predictive value was 60.8%,
Youden’s index was 0.444, and the cutoff point was
2.2. Clinically, the positive predictive value (PPV) is
used as a practical predictive parameter. For example,
the PPV of CRP was 79.1%, and the PPV of CAR
was 81.4%, which means the probability of correctly
predicting complications in a patient with CRP ≥ 85.1
was 79.1%; however, the probability was 81.4% in a
patient with CAR ≥2.2. Therefore, CAR was a better
predictor than CRP on POD 3 in patients undergoing
colorectal surgery.
Use of CAR to predict postoperative complications
Patients were separated into two groups based on the
cutoff values. Patients with CAR ≥2.2 were found to
have more postoperative complications than those with
CAR <2.2 (60.8% vs 18.6%, P < 0.001). Patients with
CAR ≥2.2 had more mild complications (grade I to II)
and major complications than those with CAR <2.2
(39.8% vs 14.9%, P < 0.001; 25.1% vs 6.4%, P < 0.001,
respectively). Moreover, patients with CAR ≥2.2 were
more likely to have a longer postoperative stay and
surgical site infection (P < 0.001) (Table 4).
Predictive value of CAR in patients with colorectal cancer
A subgroup analysis of the predictive value of CAR in
patients with colorectal cancer was performed. Receiver
operating characteristic curve analysis showed that the
AUC of CAR in patients with colorectal cancer was 0.764,
with a sensitivity of 0.691 and a specificity of 0.728. The
cutoff value was 2.3. The AUC of CRP on POD 3 was
0.747. The sensitivity was 0.670, and the specificity was
0.743. The cutoff value was 85.1. Univariate and multivari-
ate analyses showed that CAR ≥2.3 (OR 4.152, 95% CI
2.233–7.721, P < 0.001) was an independent risk factor for
postoperative morbidity. Patients with colorectal cancer
with CAR ≥2.3 were more likely to have longer postopera-
tive hospital stays (P < 0.001), more SSIs (P < 0.001), and
more postoperative complications (P < 0.001).
Discussion
The main findings of our study can be summarized as
follows. First, CAR was an independent and significant
risk factor for postoperative complications in patients
undergoing colorectal surgery. Second, CAR appeared to
show higher accuracy than CRP on POD 3 alone as a
predictor of postoperative complications. Third, patients
with CAR ≥2.2, which was more accurate than CRP level
on POD 3, were at higher risk of postoperative compli-
cations, prolonged postoperative hospital stay and more
SSIs after colorectal surgery.
Increasing evidence shows that a systemic inflamma-
tory response following surgical trauma is associated
with poor outcome in patients after surgery, and this
was revealed by serum C-reactive protein and albumin
[9, 16, 17]. There are some inflammation-based prognos-
tic scores, such as the modified Glasgow Prognostic
Score (mGPS), neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), postoperative Glas-
gow Prognostic Score (poGPS), and CRP to albumin
ratio (CAR), that predict outcomes for surgical patients
[15, 18–20]. Watt et al. [20] suggested that a postopera-
tive systemic inflammation score including postoperative
C-reactive protein and albumin levels could predict
short- and long-term outcomes in patients undergoing
colorectal surgery. Among these, CAR is novel. Haruki
et al. [19] suggested that for pancreatic cancer patients
after pancreatic resection, CAR could be an independent
and significant indicator of poor long-term outcome.
Shibutani et al. [21] found preoperative CAR to be a
useful prognostic marker in patients with colorectal
cancer undergoing potentially curative surgery. In septic
patients, Ranzani et al. [15] also reported that residual
inflammation at ICU discharge as assessed by CAR was
an independent risk factor for outcome.
It is well known that postoperative CRP levels can be
used as a practical marker to assess postoperative in-
flammation and to predict postoperative complications
Table 3 ROC curve showing Postoperative CAR levels and
CRP on POD 3 levels predictive of postoperative overall
complications
Postoperative CAR CRP on POD 3




Positive predictive value 81.4% 79.1%
Negative predictive value 60.8% 61.4%
Youden’s index 0.444 0.421
CAR CRP to albumin (CRP/ALB) ratio, ROC receiver operating characteristic,
CRP C-reactive protein, ALB albumin, POD postoperative day
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[1]. However, some studies still find certain drawbacks
to CRP as a predictor of stress-related complications
[9, 22], including less accuracy in some patients. How-
ever, CAR is based on circulating levels of two acute
phase proteins, CRP and albumin, which are also associ-
ated with inflammation from surgical trauma [19]. In
our study, CAR was an independent prognostic factor
for postoperative complications in multivariate analysis
(OR 4.413; 95% CI 2.463–7.906; P < 0.001). In contrast,
CRP on POD 3 was not an independent risk factor for
complications after colorectal surgery in multivariate
analysis (OR 1.826; 95% CI 0.938–3.556; P = 0.077). ROC
analysis also revealed that the AUC of CAR was higher
than that of CRP, and CAR had a higher positive predict-
ive value than CRP on POD 3. Combined with ROC
analysis, these results suggest that the predictive value of
CAR was superior to that of CRP on POD 3, and CAR
appeared to show higher accuracy than CRP alone.
The reasons why CAR could be more accurate than
CRP alone for predicting postoperative complications
might be that CRP combined with albumin is more
likely to reflect inflammation from surgical stress. Studies
have already proven that the surgical stress response
can be evidenced by CRP concentrations on POD 3 or 4
[1, 7, 23]. Moreover, serum albumin acting as a negative
acute-phase protein also decreases in response to surgi-
cal stress [24]. Increased capillary leakage of albumin is
one of the features of the systemic inflammatory re-
sponse after colorectal surgery, which leads to changes
in serum albumin levels [16]. In addition, collagen
synthesis and granuloma formation, which impairs the
innate immune response, will be influenced by hypoal-
buminemia; therefore, wound healing is delayed, and the
systemic immune status is predisposing to infection
[25]. Although many studies have focused on serum al-
bumin before surgery, Hubner et al. [9] showed an early
postoperative albumin drop to be related to adverse clin-
ical outcomes. Lee et al. [26] found that after oral cancer
surgery, patients with postoperative hypoalbuminemia
were at risk of surgical site infection. Hypoalbuminemia
is thought to be associated with inflammation or previ-
ous malnutrition [27]. Some studies have already merged
albumin and CRP into a single index to predict outcomes
[12, 28]. In our study, we found that an increased CRP/al-
bumin ratio could reflect higher diagnostic accuracy for
postoperative complications than CRP alone. As a result,
it is better to put albumin and CRP together to predict
postoperative complications.
The current study had several limitations. First, it is a
retrospective observational analysis, and the effects of
residual confounding factors cannot be excluded
completely. Second, it is a single-center study, and it is
necessary to conduct multicenter studies for further
confirmation, as perioperative management is dependent
on our local experience. Third, other surgeries, such as
gastrectomy, esophagectomy resection, and liver resec-
tion, are needed to verify these results.
Conclusions
The current study confirmed that the CRP/albumin ratio
predicted postoperative outcomes in patients who
underwent elective colorectal surgery. Merging CRP and
Fig. 1 ROC curve showing postoperative CAR levels and CRP on POD 3 levels predictive of postoperative overall complications
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albumin into a single index could be more accurate than
CRP alone. Patients with CAR greater than 2.2 should be
intensively monitored for early detection of postoperative
outcome to reduce postoperative complications, shorten
hospital stay, quickly return to premorbid functional
activity, and reduce hospital cost.
Table 4 Comparison of postoperative complications associated with postoperative CAR
Characteristics CAR <2.2 (n = 188) CAR ≥2.2 (n = 171) P value
Overall, n (%)a, c 35 (18.6) 104 (60.8) <0.001
Grade I, n (%)a, c 12 (6.4) 25 (14.6) 0.010
Ileus 4 (2.1) 5 (2.9)
Fever >38.5 °C after surgery 5 (2.7) 10 (5.8)
Delayed gastric emptying 1 (0.5) 3 (1.8)
Wound infection 2 (1.1) 5 (2.9)
Urinary retention 0 1 (0.6)
Transient confusion 0 1 (0.6)
Grade II, n (%)a, c 16 (8.5) 43 (25.1) <0.001
Postoperative blood transfusions >2U 9 (4.8) 25 (14.6)
TPN >2 weeks 3 (1.6) 5 (2.9)
Pneumonia 2 (1.1) 2 (1.2)
Urinary tract infection 0 1 (0.6)
Wound infection 0 7 (4.1)
Early postoperative bowel obstruction 2 (1.1) 0
Line sepsis 0 3 (1.8)
Grade III, n (%)a, c 11 (5.9) 38 (22.2) <0.001
Fascial dehiscence 2 (1.1) 2 (1.2)
Abdomino-pelvic collection 2 (1.1) 3 (1.8)
Pleural effusion 1 (0.5) 7 (4.1)
Gastrointestinal bleeding 0 1 (0.6)
Acalculous choleycystitis 0 3 (1.8)
Intraabdominal bleeding 0 1 (0.6)
Anastomotic leakage 3 (1.6) 15 (8.8)
Lymphatic leakage 1 (0.5) 0
Stoma complications 0 1 (0.6)
Early postoperative bowel obstruction 0 1 (0.6)
Intraabdominal abscess 2 (1.1) 4 (2.3)
Grade IV, n (%)a, c 1 (0.5) 5 (2.9) 0.176
Septic shock 0 1 (0.6)
Sepsis 0 1 (0.6)
Respiratory failure 0 1 (0.6)
Kidney failure 0 1 (0.6)
MODS 1 (0.5) 1 (0.6)
Grade V, n (%)a, c 0 0
Grade III or greater, n (%)a, c 12 (6.4) 43 (25.1) <0.001
Postoperative stay (days)b 7 (3–78) 10 (4–71) <0.001
Surgical site infection (+), SSI (+), n (%)c 9 (4.8) 36 (21.1) <0.001
CAR CRP to albumin (CRP/ALB) ratio, CRP C-reactive protein, ALB albumin
aClavien-Dindo’s classification of surgical complication
bValues are expressed as the median (range)
cValues are expressed as n (%)
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